The whole-fish total mercury (Hg) concentrations were determined in 25 mature female and 26 mature male white suckers (Catostomus commersonii) caught during their spawning run in the Kewaunee River, a tributary to Lake Michigan. The age of each fish was estimated using thin-sectioned otoliths, and total length (TL) and weight were determined for each fish. When adjusted for the effect of age, males were found to be 7% higher in Hg concentration than females. Nearly all (about 98%) of the Hg found in the white suckers was determined to be methylmercury. In an earlier study on the same 51 white suckers from the Kewaunee River spawning run, males were found to be 18% higher than females in polychlorinated biphenyl (PCB) concentration. We determined that the ratio of Hg concentration to PCB concentration in females was significantly higher than that in males. Thus, sex significantly interacted with contaminant type (Hg or PCBs) in determining contaminant concentrations. The most plausible explanation for this interaction was that males eliminated Hg at a faster rate than females, most likely due to the boosting of the Hg-elimination rate by certain androgens such as testosterone and 11-ketotestosterone. Hg concentrations in the white suckers were well below federal guidelines for fish consumption.
Introduction
Although mercury is a naturally occurring element on Earth, human activity has led to widespread mercury contamination of terrestrial and aquatic ecosystems [1, 2] . Mercury tends to biomagnify in food webs, resulting in top predators, including humans, attaining elevated mercury concentrations [2, 3] . The primary route of exposure of mercury to humans is via the consumption of fish [1] [2] [3] [4] . Among the most serious threats to human health from mercury contamination is the impairment of normal brain development in the fetus [5] [6] [7] [8] [9] [10] [11] . Other toxic effects of mercury on humans include damage to the nervous system of adults, damage to the renal system, damage to the immune white sucker population. Specific objectives included the following: (1) quantify the difference in whole-fish Hg concentrations between the sexes of white suckers from Lake Michigan, (2) discuss the potential causes for the observed sex difference in the Hg concentrations and then identify the most likely cause or causes, (3) estimate the proportion of Hg represented by methylmercury in the white suckers, (4) determine whether sex significantly interacted with Hg and PCB concentrations in mediating the contaminant concentrations found in the white suckers, (5) identify the most likely cause for the abovementioned interaction or lack thereof, and (6) discuss the implications of our findings with regard to the fish consumption advisories for white suckers from the Kewaunee River population based on the observed Hg concentrations. Ultimately, we wanted to determine whether the white sucker results continued to support the emerging pattern of ratio of PCB concentration in males to PCB concentration in females exceeding the ratio of Hg concentration in males to Hg concentration in females. To examine the mercury-PCB-sex interaction, we relied on whole-fish PCB data from an earlier study [33] , which was based on the same white suckers used in our study.
Materials and Methods

Field Methods
Field methods for catching the white suckers were described in detail by Madenjian et al. [33] , and a brief summary of those methods follows below. Dip nets were used to catch 25 female and 26 male adult white suckers just below the dam at the C.D. "Buzz" Besadny Anadromous Fish Facility located on the Kewaunee River (Wisconsin, USA), a tributary to Lake Michigan. The sex of each fish was easily determined in the field, as males exhibited nuptial tubercles on their anal and caudal fins, and gametes were observed while handling the fish. We followed the American Fisheries Society's guidelines for the care and use of fishes when handling the white suckers [34] , and all fish were euthanized with tricaine methanesulfonate (MS-222) after capture. For each fish, otoliths were extracted for estimating age, total length (TL) was measured to the nearest mm, and weight was determined to the nearest g. All fish were individually bagged, frozen at −20 • C, and later transported to the United States (U.S.) Geological Survey (USGS) Great Lakes Science Center (GLSC) in Ann Arbor, Michigan, for further processing.
PCB, Hg, Methylmercury, and Age Determinations
Each of the 51 white suckers was partially thawed and then homogenized using appropriately sized blenders at the GLSC, as described by Madenjian et al. [33] . For each white sucker, approximately 100 g of the whole-fish homogenate was transferred to each of two contaminant-free glass jars. Each jar was then sealed with a lid and stored at −20 • C. One glass jar filled with homogenate was added to the set of samples for PCB determinations, and the other glass jar filled with homogenate was added to the set of samples for mercury determinations. After all of the 51 white suckers were homogenized, one set of frozen homogenate samples was transported to the University of Michigan School of Public Health for PCB determinations. The other set of frozen homogenate samples was shipped to the USGS Mercury Research Laboratory (MRL) (http://wi.water.usgs.gov/mercurylaboratory) in Middleton, Wisconsin, for Hg and methylmercury (MeHg) determinations.
The procedures used to determine PCB concentrations in the whole-fish white sucker homogenates have been described by Madenjian et al. [33] . A dichloromethane/hexane mixture was used to extract the organic fraction from the whole-fish homogenate. Then, an acid cleanup was performed using sulfuric acid to extract the lipid fraction. Gas chromatography/mass spectrometry (GC/MS) was used to separate and quantify the PCBs.
The details of the standard operating procedures for all analytical procedures practiced by the MRL are provided at [35] . The total mercury (Hg) determinations were conducted using a modification of United States Environmental Protection Agency (USEPA) method 7473, a high-temperature direct combustion analysis [36] , on a Nippon MA-2 instrument. Briefly, homogenized, freeze-dried tissue samples were combusted at high temperature (850 • C) in the presence of interference-reducing reagents, releasing mercury from the matrix as reduced gaseous mercury. In the resulting gas, the matrix interference was further eliminated by catalytic treatment, adjusted to the appropriate pH in a phosphate buffer, and then passed through a gold amalgam trap to quantitatively capture the evolved gaseous mercury. Lastly, the gold trap was heated, releasing the bound mercury into the sample stream, and detected by cold vapor atomic absorption. Quality assurance and control protocols used throughout sample analysis included reagent blanks, sample replicates, and standard reference materials (SRMs). The sample runs were performed in blocks of 10 samples, with 1 sample being run in triplicate and the inclusion of 2 blanks and a SRM determination. Prior to the start of the sample analyses, 3-5 SRM determinations were made to evaluate the precision and accuracy of the instrument. For our white sucker samples, the relative standard deviation (RSD) from the triplicate analyses ranged from 0.6 to 3.9% (mean of 1.7%). International Atomic Energy Agency Reference Material 407 (IAEA 407), which is fish homogenate from fish caught in the North Sea in 1999, was used as the SRM. In total, 25 SRM determinations were made, and the average SRM recovery was 96%. The limit of detection based on daily detection limit calculations, in accordance with USEPA protocol [37] , was 1 ng/g (dry weight basis). All white sucker Hg concentrations were reported on a wet weight basis.
Methylmercury determination was conducted using the dilute nitric acid-extraction method developed by Hammerschmidt and Fitzgerald [38] . Briefly, the tissue sample was weighed into Teflon vials and digested in 5 M nitric acid at 60 • C for 8 h. The sample extract was added to reagent water in 42 mL glass vials, titrated with an equivalent volume of 5 M potassium hydroxide, and buffered with sodium acetate/acetic acid to a pH of 4.5-5.0. Sodium tetraethylborate (NaTEB) was added to the sample resulting in ethylation of the oxidized mercury species (both Hg 2+ and MeHg + ). The volatile ethylated species, as well as elemental mercury, were purged from the sample with argon gas, retained on Tenex traps, thermally desorbed back into the sample stream, and separated by mass with a gas chromatography column. The elemental and ethylated mercury species were released from the column en masse into the gas stream, thermally reduced to elemental mercury, and detected by cold vapor atomic fluorescent spectrometry (CVAFS). Quality assurance and control protocols included the following: method and analytical blanks, sample replication, and analysis of SRMs. We randomly selected 30 white suckers out of the 51 white suckers for methylmercury determinations. Triplicate analysis was run every 7 samples, and RSD ranged from 1.4 to 5.4% (mean of 3.2%). IAEA 407 was used as the SRM, and 6 SRM determinations were made. Mean SRM recovery was 103%. The limit of detection based on daily detection limit calculations, in accordance with USEPA protocol [37] , was 2 ng/g (dry weight basis). All the white sucker methylmercury concentrations were reported on a wet weight basis.
The most reliable method for estimating the age of white suckers is to use thin-sectioned otoliths [39] . Thus, we prepared thin sections for each of the otoliths and followed the procedures described by Edwards et al. [40] to assign an age to each of the white suckers.
Data Analyses
To quantify the difference in the whole-fish Hg concentrations between the sexes of the white suckers, we considered four analysis of covariance (ANCOVA) models in which Hg concentration was the dependent variable, sex was the main effect, and TL, weight, Fulton's condition K (equal to weight · 10 5 · TL −3 ), or age was the covariate. A key assumption of the ANCOVA model is that the slopes of the regression lines are identical for all levels of the main effect. Therefore, we used an F test for equality of slopes of regression lines to determine whether the slopes of the two regression lines were significantly different from one another. Of the four ANCOVA model applications considered, the only model application that both met the equality of slopes assumption and resulted in the regression line slopes significantly different from zero was the application with age as the covariate. Thus, we used the ANCOVA model application with age as the covariate to estimate the Hg concentration of both females and males at the value of age equal to the grand mean of ages of all 51 white suckers sampled. To estimate the relative difference in the Hg concentrations between the sexes, the estimate of the Hg concentration of males at the grand mean for age was divided by the estimate of the Hg concentration of females at the grand mean for age. For all of our statistical testing, α was set equal to 0.05.
To determine the proportion of Hg in the white suckers represented by methylmercury (MeHg), the fraction of Hg as MeHg was calculated by the ratio of MeHg concentration to Hg concentration for each of the 51 white suckers. The mean of these ratios was then calculated using data for all 51 white suckers. Mean ratios for each sex were also calculated.
To determine whether contaminant type (Hg or PCBs) significantly interacted with sex, we first calculated the ratio of the Hg concentration to the PCB concentration for each of the 51 white suckers. We then considered four ANCOVA models in which the ratio of Hg concentration to PCB concentration was the dependent variable, sex was the main effect, and TL, weight, K, or age was the covariate. The ANCOVA application that explained the greatest amount of variation in the dependent variable was then selected as the best model, and the significance of the sex effect in the best model application was tested. A significant difference generated from this test of the sex effect would indicate that sex significantly interacted with contaminant type, because the ratio of the Hg concentration to the PCB concentration would be found to significantly vary between the sexes. An F test for equality of slopes was applied to determine whether the equality of slopes assumption was met.
Results
Of the 51 white suckers sampled in our study, the females were slightly older and considerably larger than the males ( Table 1 ). The ages of the females ranged from 9 to 18 years, while the ages of the males ranged from 4 to 24 years. The females averaged 13.3 years in age, while the males averaged 12.9 years in age. The mean TL of the females was 490 mm, whereas the mean TL of the males was 442 mm. The mean weight of the females was 1298 g, whereas the mean weight of the males was 868 g ( Table 1 ). The females exhibited a slightly higher condition than the males. Table 1 . Mean (standard error of the mean enclosed with parentheses) {range enclosed within brackets} values for total length, weight, Fulton's condition K, age, polychlorinated biphenyl (PCB) concentration, total mercury (Hg) concentration, methylmercury (MeHg) concentration, and the proportion of Hg represented by MeHg, by sex, of the white suckers caught in the Kewaunee River (Wisconsin, USA), a tributary to Lake Michigan, during April 2016.
Attribute Females Males
Total length (mm) 490 (5) At the grand mean for age (mean = 13.1 years), ANCOVA estimates of the Hg concentrations for males and females were 106 ng/g and 99 ng/g, respectively (Figure 1 ). Thus, males were 7% higher in Hg concentration than females. This sex difference in the Hg concentrations was not significant (ANCOVA: F = 1.46; df = 1, 48; p = 0.2331). The ANCOVA model explained 38% of the variation in the Hg concentrations. The covariate, age, had a significant effect on the Hg concentration (ANCOVA: F = 28.94; df = 1, 48; p < 0.0001). The equality of slopes assumption for the ANCOVA was met (F = 1.87; df = 1, 47; p = 0.1777). On average, MeHg represented 98% of the Hg found in the white suckers. The contribution of MeHg to Hg did not appreciably vary between the sexes. On average, MeHg represented 97.2% and 98.1% of the Hg found in the females and the males, respectively (Table 1) .
At the grand mean for condition (mean = 1.04), ANCOVA estimates for the ratio of the Hg concentration to the PCB concentration for the females and the males were 0.61 and 0.47, respectively ( Figure 2) . Thus, for a given PCB concentration, the females were 29% higher in Hg concentration than the males. This sex difference in the ratio of the Hg concentration to the PCB concentration was significant (ANCOVA: F = 5.14; df = 1, 48; p = 0.0280). The ANCOVA model explained 10% of the variation in the ratios of the Hg concentration to the PCB concentration. A significant effect of the covariate, K, on the ratio of the Hg concentration to the PCB concentration was not detected (ANCOVA: F = 3.14; df = 1, 48; p = 0.0829). The equality of slopes assumption for the ANCOVA was met (F = 1.80; df = 1, 47; p = 0.1866). (Table 1) .
At the grand mean for condition (mean = 1.04), ANCOVA estimates for the ratio of the Hg concentration to the PCB concentration for the females and the males were 0.61 and 0.47, respectively (Figure 2) . Thus, for a given PCB concentration, the females were 29% higher in Hg concentration than the males. This sex difference in the ratio of the Hg concentration to the PCB concentration was significant (ANCOVA: F = 5.14; df = 1, 48; p = 0.0280). The ANCOVA model explained 10% of the variation in the ratios of the Hg concentration to the PCB concentration. A significant effect of the covariate, K, on the ratio of the Hg concentration to the PCB concentration was not detected (ANCOVA: F = 3.14; df = 1, 48; p = 0.0829). The equality of slopes assumption for the ANCOVA was met (F = 1.80; df = 1, 47; p = 0.1866). On average, MeHg represented 98% of the Hg found in the white suckers. The contribution of MeHg to Hg did not appreciably vary between the sexes. On average, MeHg represented 97.2% and 98.1% of the Hg found in the females and the males, respectively (Table 1) .
At the grand mean for condition (mean = 1.04), ANCOVA estimates for the ratio of the Hg concentration to the PCB concentration for the females and the males were 0.61 and 0.47, respectively ( Figure 2) . Thus, for a given PCB concentration, the females were 29% higher in Hg concentration than the males. This sex difference in the ratio of the Hg concentration to the PCB concentration was significant (ANCOVA: F = 5.14; df = 1, 48; p = 0.0280). The ANCOVA model explained 10% of the variation in the ratios of the Hg concentration to the PCB concentration. A significant effect of the covariate, K, on the ratio of the Hg concentration to the PCB concentration was not detected (ANCOVA: F = 3.14; df = 1, 48; p = 0.0829). The equality of slopes assumption for the ANCOVA was met (F = 1.80; df = 1, 47; p = 0.1866). Ratio of whole-fish Hg concentration to whole-fish PCB concentration as a function of Fulton's condition K of white sucker, by sex. The fitted lines were from the application of analysis of covariance (ANCOVA), with the ratio of the whole-fish Hg concentration to the whole-fish PCB concentration as the dependent variable, K as the covariate, and sex as the main effect. The sex effect in the ANCOVA was significant (ANCOVA: F = 5.14; df = 1, 48; p = 0.0280). The equality of slopes assumption for the ANCOVA was met (F = 1.80; df = 1, 47; p = 0.1866). The white suckers were caught in April 2016 in the Kewaunee River (Wisconsin, USA), a tributary to Lake Michigan.
Discussion
We concluded that sex significantly interacted with the contaminant type (Hg or PCBs) in regulating contaminant concentrations in mature white suckers from the Kewaunee River population in Lake Michigan. We found that males were 7% higher in Hg concentration than females. In contrast, males were 18% higher in PCB concentration than females [33] . Thus, the effect of sex on the Hg concentration was significantly different from the effect of sex on the PCB concentration. This interaction effect has now been documented in six different fish populations: lake trout from Lake Ontario, burbot from Lake Erie and Great Slave Lake, lake whitefish from Lake Huron, summer flounder from the New Jersey coast, and white sucker from Lake Michigan. In all six cases, the ratio of the PCB concentration in males to the PCB concentration in females exceeded the ratio of the Hg concentration in males to the Hg concentration in females. The most likely cause for the discrepancy in the two ratios for a given fish population is that males excrete Hg from their bodies at a substantially faster rate than females, whereas long-term elimination of PCBs by fish has been characterized as negligible for both sexes [24] . Of the six fish populations, the least discrepancy between the two ratios was found in the Lake Michigan white sucker population, implying that the white sucker population showed the smallest relative difference in Hg-elimination rates between the sexes of all six fish populations. The greatest discrepancy between the two ratios was found in the burbot populations, indicating that the relative difference in Hg-elimination rates between the sexes was greatest for burbot [24] . As previously mentioned, androgens like testosterone and 11-ketotestosterone are believed to boost the Hg-elimination rate in male fish. Coincidentally, the relative testes size of male burbot (average gonadosomatic index (GSI) = 11%) is among the largest of all fishes [24] . The GSI of male white suckers from three Ontario (Canada) lakes averaged about 6% [41] , which is considered a relatively high GSI for male fish. As postulated by Madenjian et al. [24, 42] , factors other than the GSI of males, along with the GSI of males, contribute to the relative difference in Hg-elimination rates between the sexes. Endocrine disruptors have been linked to reduced concentrations of androgens in male fish [43] , and endocrine disruptors have also been linked to testicular tumors in mammals [44] . Hence, in theory, endocrine disruption could have contributed to the relatively modest difference in the two ratios for the Kewaunee River white suckers. However, although testicular tumors have been observed in male white suckers from the Milwaukee River and Sheboygan River populations of Lake Michigan, testicular tumors have not been found in the male white suckers from the Kewaunee River population [45] . Thus, the endocrine disruption hypothesis was not supported by the available data.
The whole-fish Hg concentration in the males exceeding that of the females in the Kewaunee River white sucker population was most likely attributable to males expending energy at a higher rate than females. The whole-fish PCB concentration in males exceeding that of females has now been shown in nine species of fish [24, 33] , and Madenjian et al. [24] concluded that the relative difference in PCB concentrations between the sexes is primarily driven by an energy expenditure rate difference between the sexes. In some cases, the sex difference in the PCB concentrations is also mediated by the growth dilution effect. The higher rate of energy expenditure by males derives from greater swimming activity by males and a higher resting metabolic rate (or standard metabolic rate (SMR)) in males. A higher rate of energy expenditure results in a greater rate of food consumption, which, in turn, results in a higher rate of PCB accumulation [24] . Because males presumably eliminate Hg at a faster rate than females, the ratio of the Hg concentration in males to the Hg concentration in females is less than the ratio of the PCB concentration in males to the PCB concentration in females. Thus, in teleost fishes, males are not only ingesting Hg at a higher rate than females, but males are also discharging Hg from their bodies at a higher rate than females [24] . Males also ingest PCBs at a higher rate than females. However, long-term elimination of PCBs is negligible for both sexes. Correspondingly, the whole-fish PCB concentration of males has exceeded the whole-fish PCB concentration of females in all fish populations that have been investigated [24, 33] . If the difference in Hg-elimination rates between the sexes is sufficiently large, the Hg concentration in females will exceed the Hg concentration in males; this appears to be the case for burbot from Lake Erie and Great Slave Lake and lake whitefish from Lake Huron [24] . For Kewaunee River white suckers, the sex difference in the Hg-elimination rates was apparently relatively modest, and accordingly, the Hg concentration of the males was greater than the Hg concentration of the females.
An alternative explanation for the observed higher Hg concentration in the white sucker males compared with the white sucker females is that habitat use or diet composition differed between the sexes, but this hypothesis was not supported by the available data. A difference in carbon and nitrogen stable isotope ratios between the sexes may reflect a difference in habitat utilization and/or a difference in food habits between the sexes [24, 46, 47] . However, carbon and nitrogen stable isotope ratios did not significantly vary between the sexes of white suckers from the Kewaunee River population based on the results from an earlier study [48] , indicating that this explanation was unlikely. Moreover, the PCB congener and homolog distributions did not significantly differ between the sexes of white suckers from the Kewaunee River population [49] , corroborating the contention that habitat use and food habits did not vary between the sexes. Because the females grew faster than the males, the growth dilution effect could have also contributed to the males having a greater Hg concentration than the females. Nevertheless, the predominant factor for the observed sex difference in the Hg concentrations was likely a sex difference in energy expenditure rates, as generally concluded by Madenjian et al. [24] .
Our estimate of 98% of the Hg found in the white suckers from the Kewaunee River population of Lake Michigan being MeHg was in accord with most of the other such estimates over a wide variety of fish populations. For example, 92% of the Hg in summer flounder from the New Jersey coast was MeHg [42] , 91% of the Hg in burbot from Great Slave Lake was MeHg [50] , and 91% of the Hg in lake whitefish from Lake Huron was MeHg [51] . Further, all (100%) of the Hg in Lake Erie burbot and Lake Michigan lake trout was estimated to be MeHg [18, 50] . Similarly, between 94 and 100% of the Hg found in muscle tissue of 11 of 12 species of fish was MeHg, while 86% of the Hg found in its muscle tissue was MeHg in one of the 12 species of fish [52] . The percentage of Hg represented by MeHg was somewhat less in Lake Michigan alewife (Alosa pseudoharengus), with the mean value between 60 and 70% [18] . In contrast, only 16% of the Hg in fillets of white perch (Morone americana) from the Hackensack River (New Jersey, USA), an area where mercury was directly discharged via industrial activity, was MeHg, and the remaining 84% was inorganic mercury [19] .
The magnitude of the Hg contamination in the white suckers from the Kewaunee River population of Lake Michigan was much lower than that in the white sucker populations from aquatic ecosystems heavily contaminated with mercury and was comparable with that in white suckers from aquatic ecosystems lacking any anthropogenic point source inputs of mercury. We estimated that the whole-fish Hg concentrations of adult white suckers from the Kewaunee River population averaged 103 ng/g. In stark contrast, the average whole-fish Hg concentration of white suckers from Clay Lake (Ontario, Canada) was estimated to be about 2000 ng/g [53] , based on the Becker and Bigham [54] conversion factor specifying that fillet Hg concentration is greater than whole-fish Hg concentration by a factor of 1.1. Clay Lake has been heavily contaminated with mercury from the operation of a chlor-alkali facility within its watershed. The Hg concentrations in the white suckers from the Kewaunee River population of Lake Michigan were similar to the Hg concentrations determined in the white suckers from three pristine lakes from northern Québec (Canada). No mercury has been directly discharged into these three lakes, and no logging activities or other industrial activities have occurred near any of these three lakes [55] . The mean fillet Hg concentration of 400-mm white suckers from these three lakes was estimated to be 98 ng/g. An application of the abovementioned conversion factor yielded an estimate of the whole-fish Hg concentration of 88 ng/g. The mean TL of the 51 white suckers sampled in our study was 465 mm. Using a fitted regression line, we estimated that a 400-mm white sucker from the Kewaunee River population would have a whole-fish Hg concentration of 84 ng/g. Thus, the Hg concentration in the Kewaunee River white suckers was similar to the Hg concentration in the white suckers from the three northern Québec lakes. In addition, the Hg concentration in the white suckers from the Kewaunee River population was lower than the Hg concentration in the white suckers from Lake Diefenbaker, a reservoir in Saskatchewan (Canada) with no known upstream anthropogenic point sources of mercury. The muscle tissue Hg concentrations of Lake Diefenbaker white suckers averaged 161 ng/g [56] . Applying the abovementioned conversion factor yielded an estimate of the whole-fish Hg concentration of 145 ng/g. The mean weight of the white suckers sampled from Lake Diefenbaker (932 g) was slightly lower than mean weight of the white suckers sampled from the Kewaunee River spawning run (1079 g). Of course, factors other than the presence or absence of anthropogenic point sources of mercury also affect the Hg accumulation in fish. For example, the enlargement of lakes to form reservoirs, via flooding of neighboring forest-covered and muskeg-covered land, has been to shown to enhance the Hg accumulation in fish [57, 58] . Apparently, the growth and activity of methylating microorganisms is stimulated by terrestrial organic matter (remains of dead plants) added to the reservoir ecosystem by the flooding used to create the reservoir. In turn, this increased methylation of mercury leads to the increased availability of methylmercury in the reservoir ecosystem, which results in increased Hg accumulation in reservoir fish. This reservoir effect would explain the higher Hg concentrations observed in the white suckers from Lake Diefenbaker, a reservoir, compared with the white suckers from the Kewaunee River population of Lake Michigan and the white suckers from the three abovementioned northern Québec lakes.
Our white sucker Hg data could be used to inform the decision-making process for formulating fish consumption advisories on white suckers from Lake Michigan. The mean and maximum whole-fish Hg concentrations of the white suckers from our study were 103 and 185 ng/g, respectively. The application of the Becker and Bigham [54] correction factor showed that all of the fillet Hg concentrations of the white suckers from our study were estimated to be less than 204 ng/g. The U.S. Food and Drug Administration (FDA) threshold for Hg concentration in fish consumed by people is 1000 ng/g [17] . Thus, all of the Kewaunee River white sucker fillet Hg concentration estimates were well below the FDA guideline. For protection of human health, the USEPA has set a water quality criterion of Hg concentration in fish fillets of lower than 300 ng/g [59] . All of the estimates of Kewaunee River white sucker fillet Hg concentration were below the USEPA criterion as well. However, even more stringent guidelines have been issued by Great Lakes state agencies for the sensitive population, which includes pregnant women, women of childbearing age, and children under the age of 15 [60, 61] . According to these more stringent guidelines, fillets containing Hg concentrations between 50 and 220 ng/g should be consumed no more than once a week by the sensitive population. All but one of the estimates of Kewaunee River white sucker fillet Hg concentration were within this range, and therefore, limited consumption of these fillets by the sensitive population would be advised by the Great Lakes state agencies.
Conclusions
The whole-fish Hg concentration of mature white suckers caught during the spring spawning run in the Kewaunee River, a tributary to Lake Michigan, was 7% higher in males than in females. In an earlier study, the whole-fish PCB concentration of these same white suckers was estimated to be 18% higher in males than in females [33] . The contaminant type (Hg or PCBs)-sex interaction was found to be significant. That is, the effect of sex on the Hg concentration was significantly different from the effect of sex on the PCB concentration in the Kewaunee River population of white suckers from Lake Michigan. The difference between the ratio of the Hg concentration in the males to the Hg concentration in the females and the ratio of the PCB concentration in the males to the PCB concentration in the females was most likely attributable to males excreting mercury from their bodies at a substantially faster rate than females. This type of interaction between Hg, PCBs, and sex has now been documented in five species of teleost fishes: lake trout, burbot, lake whitefish, summer flounder, and white sucker. Given these findings, this characteristic of the ratio of the PCB concentration in males to the PCB concentration in females exceeding the ratio of the Hg concentration in males to the Hg concentration in females, presumably due to a higher Hg-elimination rate for males, appears to be widespread among fish populations around the world. Hg concentrations in these Lake Michigan white suckers were comparable to Hg concentrations of white suckers from lakes without any anthropogenic point sources of mercury. Further, Hg concentrations in these Lake Michigan white suckers were relatively low, well below the FDA and USEPA guidelines, and our results will be useful to fishery managers developing fish consumption advisories for Lake Michigan white suckers. About 98% of the mercury found in these Lake Michigan white suckers was in the form of methylmercury. Males exceeding females in PCB concentration was most likely primarily driven by males expending energy at a faster rate than females, deriving from greater activity and a higher SMR. A higher energy expenditure rate resulted in a higher food consumption rate, which resulted in a higher PCB accumulation rate. We also point out that using determinations of contaminant concentrations in muscle tissue (or liver tissue), rather than whole-fish determinations, to infer the relative difference in contaminant concentrations between the sexes on a whole-fish basis could potentially mask the significance of the abovementioned contaminant type-sex interaction [24] . In some cases, the relative difference in PCB or Hg concentrations between the sexes, on a whole-fish basis, is accurately captured by using PCB or Hg determinations in muscle tissue rather than whole-fish determinations. In other cases, the relative difference in PCB or Hg concentrations between the sexes based on muscle tissue determinations does not accurately reflect the relative difference in PCB or Hg concentrations between the sexes on a whole-fish basis. 
